Molecular analysis of collagen binding by the human discoidin domain receptors, DDR1 and DDR2. Identification of collagen binding sites in DDR2.
The widely expressed mammalian discoidin domain receptors (DDRs), DDR1 and DDR2, are unique among receptor tyrosine kinases in that they are activated by the extracellular matrix protein collagen. Various collagen types bind to and activate the DDRs, but the molecular details of collagen recognition have not been well defined. In this study, recombinant extracellular domains of DDR1 and DDR2 were produced to explore DDR-collagen binding in detail. In solid phase assays, both DDRs bound collagen I with high affinity. DDR1 recognized collagen I only as a dimeric and not as a monomeric construct, indicating a requirement for receptor dimerization in the DDR1-collagen interaction. The DDRs contain a discoidin homology domain in their extracellular domains, and the isolated discoidin domain of DDR2 bound collagen I with high affinity. Furthermore, the discoidin domain of DDR2, but not of DDR1, was sufficient for transmembrane receptor signaling. To map the collagen binding site within the discoidin domain of DDR2, mutant constructs were created, in which potential surface-exposed loops in DDR2 were exchanged for the corresponding loops of functionally unrelated discoidin domains. Three spatially adjacent surface loops within the DDR2 discoidin domain were found to be critically involved in collagen binding of the isolated DDR2 extracellular domain. In addition, the same loops were required for collagen-dependent receptor activation. It is concluded that the loop region opposite to the polypeptide chain termini of the DDR2 discoidin domain constitutes the collagen recognition site.